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The proposed PCF fiber is made of three materials as depicted in Figure 1.a: n1 and n2 which are silica of different 
density and purities and n3 which is the material of the holes. The fiber has two main modes at the 1550 nm region, one 
confined in the core within the holey region and another with a ring like shape confined between the structured region 
and the interface of n2 and n1 materials. The fiber structure is made of 6 rings of holes distributed in a hexagonal lattice 
with Λ ~ 1.41 µm and d ~ 0.8 µm and core diameter of approximately 2.4 µm.  
The core mode is only supported for hole refractive indices smaller than silica`s RI. Hence, this fiber is the ideal for gas 
monitoring that have the RI very close to 1.0 or liquids of low refractive index. The ring like mode is supported for both 
high and low refractive index materials within the fiber holes. Figure 1.b shows the energy distribution of the ring like 
mode cross section when there is only air in the holes. It is possible to observe that although most of the energy is being 
confined in the ring region outside the holey structure some of the power penetrates the holes interacting with the holes 
materials. When a high refractive index material is inserted into the fiber holes most of the energy of the ring mode is 
dragged into the holey region and peaks of higher energy are found on top of the holes. For the calculation presented in 
Figure 1.c the refractive index of the hole material was considered the same as a crude oil`s, i.e. nhole = npetroleum = 1.5 4. It 
is worth pointing out that no proper confinement was observed for the core mode for nhole > nSiO2 and that the calculated 
confinement losses for the ring mode in both case nhole = nair and nhole = npetroleum were negligible. Therefore, this fiber 
design seems to be ideal for the characterization of virtually any material that can be inserted into fiber holes. Given the 
importance of the petroleum industry as well as its constant need for novel solutions that can be integrated into the 
always limited space found in the production columns and in the subsea equipment this fiber is being used for the 
development of a miniaturized sensing system to characterize petroleum and all other substances that can be found in the 
reservoirs. Carbon dioxide is one of these substances which are abundantly found in the Brazilian offshore reserves and 
is consequently of interest for petroleum chemical sensing system. Results of the petroleum characterization as well as 
the detection of CO2 using the proposed PCF fiber are presented in the following sections.  
2. CARBON DIOXIDE DETECTION 
Most of the optical sensors found commercially or in the literature for CO2 detection operate at the mid-infrared 
wavelengths where the optical absorption of this molecule is highest. The down side of operating in such IR region is the 
lack of optical components such as sources and detectors as well as waveguides that can considerably increase the optical 
interaction lengths and subsequently the sensitivity of the sensor. Carbon dioxide presents a weak absorption band 
around 1570 nm which coincides with one important telecom band and its detection could therefore benefit from the 
components availability. The long interaction lengths possible by the PCF fibers appear as an alternative solution for the 
low absorption coefficient of CO2 at 1570 nm and allow the use of all components developed by telecommunication 
industry that can be found off the shelf at low prices. Figure 2.a show the absorption spectrum of carbon dioxide at the 
1570 nm wavelength region measure by an ASE source and an optical spectrum analyzer along with the PCF described 
above. Approximately 70 m of the PCF fiber was filled with a mixture of CO2 and air and had its ends spliced to two 
smf 28 patch cords. During the splicing procedure care was taken so that only the ring like mode was excited 
demonstrating the sensing concept. Figure 2.b shows a reference absorption spectrum measured at a free space 












Figure 2. a) Optical absorption of CO2 at 1570 nm using a PCF fiber and b) using a reference chamber. 
a) b) 
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characterization. More generically the possibility of spreading the mode field over the fiber holes shines new light in the 
opportunities for optical detection and characterization of chemical samples. Here extremely high sensitivity was 
achieved leading to a strong attenuation of the fiber transmission at the 1570 nm. Furthermore, pure silica photonic 
crystal fibers are also important devices for harsh environments applications such as the oil industry given their 
temperature stability and chemical inertia especially with regards to hydrogen5.  
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